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ABSTRACT 
Aquatic invasive species are a major problem in Minnesota. Aquatic invasive 
species disrupt ecosystems, limit lake recreation, and reduce lakeshore property values. 
They are expensive to manage, and often impossible to eradicate once established. In this 
study, I am asking this question: What is the economic impact, in terms of residential 
shoreline property values, of the introduction of the invasive zebra mussel (Dreissena 
polymorpha) into large and popular freshwater lakes in west central Minnesota?  
Past studies comparing lakeshore property values based on environmental factors 
such as water quality, clarity, lake size, and depth have shown that these environmental 
amenities are positively related to lakeshore property values. In other words, these 
amenities are capitalized in the value of the property. Studies exploring other invasive 
aquatic species, such as Eurasian watermilfoil (Myriophyllum spicatum) have repeatedly 
shown a decrease in property values following infestation. There is a gap in the literature 
however with regard to lakeshore property values and zebra mussel infestation. To test 
the hypothesis that zebra mussels have a negative impact on lakeshore property values, I 
am using residential lakeshore property sales from 1994 to 2012, obtained digitally from 
Otter Tail and Becker counties in Minnesota. Lakes were selected based on the 
availability of sales data and also on the basis of their geographic proximity, size, depth, 
and market similarity.  The raw data for each lake were brought into Microsoft Excel 
where I cleaned and sorted them.  My criteria were specific; only arm’s length (e.g., 
 	   ix	  
excluding sales between friends and family members below market value) sales 
transactions of single-family residential properties were considered.  I discarded 
undeveloped parcels, apartments, farms, and resorts.  I then sorted the remaining annual 
transactions and calculated the median sales value per year for each lake in my study. I 
then adjusted the medians for inflation using the Consumer Price Index published by the 
Bureau of Labor Statistics. Finally, I averaged the medians into a running four-year mean 
for each lake.  
Results suggest that the presence of zebra mussels in the lakes that I am studying 
have not negatively impacted residential lakeshore property values. These results suggest 
the value of lakefront property in my study area is capitalized in more subjective terms.    
Moreover, this researcher cites the continuance of real-estate transactions and 
home construction on infested lakes as prima facie evidence that the presence of zebra 
mussels has not negatively impacted the consumption patterns of people desiring to live 
on lakes. 
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 CHAPTER I 
INTRODUCTION 
Aquatic invasive species are a major concern for governments, industries, 
lakeshore owners, and recreational water users. Recreational use of Minnesota’s lakes is a 
multibillion-dollar-a-year industry (Minnesota Department of Natural Resources 2011). 
Minnesota’s abundant freshwater lakes provide ample habitat for a variety of fishes, 
birds, and aquatic mammals. Tourists seeking out these healthy, vibrant ecological 
communities for relaxation, fishing, and other activities contribute to a sizable portion of 
Minnesota’s economy. A whole industry exists to cater to lakefront owners, ranging from 
the manufacture of aluminum docks and boatlifts to lawn care contractors. County 
governments levy hefty property taxes on lakefront properties, bringing large amounts of 
revenue to local government coffers. The health of Minnesota’s lakes are inextricably 
linked to the well being of the state’s economy. Owing to its glacial history, Minnesota is 
blessed with abundant surface water resources, totaling more than 11,000 lakes greater 
than 10 acres in size (Minnesota Department of Natural Resources 2013). These lakes 
range from deep, cold, largely sterile and inaccessible lakes in the glacially scoured 
Canadian shield of northeast Minnesota to warmer, moderately deep, and more 
productive kettle lakes that typify “cottage country” in the unconsolidated moraine fields 
of central Minnesota, to shallow, highly productive prairie pothole lakes in the 
southwestern portion of the state. 
 	   2 
Lakes are complex and delicate ecosystems and are vulnerable to human 
activities.  Cultural eutrophication-- when lakes are overloaded with nutrients from 
human activities such as agriculture and sewage disposal-- can cause algae blooms and 
fish kills. Lake Sallie on the Pelican River in Becker County received phosphorus laden 
sewage effluent from the city of Detroit Lakes for more than half of the 20th Century. By 
the mid-1950s the lake was experiencing fish kills and smelled overwhelmingly of 
sewage. The lake began to improve after the city of Detroit Lakes updated its sewage 
system in the 1970s (Lee 1972). 
Lake ecosystems evolve over geologic time with certain sets of species interacting 
with each other. Introduced species can crowd out native species, leading to a reduction 
in overall lake biodiversity. The zebra mussel is an introduced species in Minnesota. 
Native to the drainage of Southern Russia, zebra mussels are fingernail-sized freshwater 
mollusks that firmly attach themselves to submerged objects. Zebra mussels attach 
themselves to the much larger native Minnesota mussels, effectively smothering them. 
Zebra mussels are filter feeders, pulling in water with a syphon. The mussel filters the 
water for food and the filtrate is ejected back into the water column. Zebra mussels are 
problematic in Minnesota because they outcompete native species. A single female zebra 
mussel can produce between 100,000 and 500,000 eggs annually (Benson et al. 2012). 
Once hatched the microscopic larva are easily transported between water bodies via 
rivers, other wildlife, and human activity—a bait bucket drawn from a water body 
infested with zebra mussels may contain millions of larva too small to see, and if 
transported between bodies could directly cause a new infestation. As the mussel matures 
it develops byssal threads that it uses to attach to a suitable substrate, living the remainder 
 	   3 
of its life stationary. The fast reproductive cycle and the microscopic larval stage are the 
primary factors that drive the rapid spread of zebra mussels through watersheds (Benson 
et al. 2012). 
Zebra mussels pose unique challenges to policy making. A particularly salient 
problem is found in the lifecycle of the animal itself. Zebra mussels in their microscopic 
larval stage move freely through the water. As streams connect many of the lakes in 
Minnesota, an infestation in one lake may easily infest lakes further downstream. The 
microscopic zebra mussel larvae are not stopped by dams and may pass freely and safely 
over spillways and through hydroelectric turbines. In fact, the infestation of Pelican Lake 
in Otter Tail County caused the Department of Natural Resources to designate its 
outflow, the Pelican River, and the chain of lakes it flows through, as infested waters.  
Since it is impracticable, and indeed, antithetical to natural resource protection 
and conservation to re-engineer the natural surficial hydrology of the state, controlling 
the spread of zebra mussels therefore depends instead on changing human practices and 
behaviors that contribute to the spread of the species. The transportation of watercraft, 
trailers, bait and water itself, all common longstanding recreational activities, has come 
under additional scrutiny. Following the news in 2009 that two immensely popular lakes, 
Pelican Lake in Otter Tail County, and Lake Carlos in Douglas County were infested 
with zebra mussels, aquatic invasive species took a front row in both the public and 
political discourse of Minnesota. Reaction was swift. The state ramped up its invasive 
species educational and publicity campaign, erecting roadside billboards in lake regions 
imploring the public “Don’t Move a Mussel” and to “Clean, Drain and Dry” watercraft, 
trailers, docks, and boatlifts before transporting them to other lakes. In addition to the 
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educational push, the state also stiffened fines for the transportation and possession of 
zebra mussels.  
Regulations in 2011 governing the transport of invasive species were stiffened. A 
new law criminalized the transportation of aquatic invasive species on any piece of water 
equipment; previously the law only covered boats and their trailers. Fines for not 
removing the drain plug from boats while trailered on public highways were doubled 
from $50 to $100. Additionally the law mandated that aquatic equipment like rafts, 
docks, and boatlifts could not be transported to other lakes unless the equipment was out 
of the water for a documented 21 days before transportation to ensure that the equipment, 
and any attached zebra mussels, had been thoroughly desiccated. Moreover, the 
legislation mandated that an aquatic invasive species sticker be affixed to all boats in 
Minnesota (Smith 2012). The new law was used to prosecute a North Dakota man who, 
in 2011, transported a boatlift from Lake Lizzie – a body infested with zebra mussels – to 
Rose Lake, both in Otter Tail County. The man pled guilty and was assessed a $500 fine 
and a $500 restitution (Howard 2012). Shortly after Rose Lake was infested the 
Department of Natural Resources attempted to eradiate the juvenile mussels in the fall of 
2011 with copper sulfate, a pesticide, before they could establish. The agency estimated 
the cost of treatment as $14,000. The effort was declared a failure however, when adult 
mussels were discovered in the fall of 2012 (Edenloff 2012).  
In another high profile case in 2011, the state charged an Eagle Bend, a Minnesota 
man with transporting a dock with zebra mussels attached to it to Lake Irene in Douglas 
County, MN. Lake Irene was later discovered to have a zebra mussel infestation in 
November 2011. At trial however, the man was found not guilty (Edenloff 2012). Public 
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reaction to these two cases falls into two main camps: those that feel that the state should 
more vigorously prosecute violations of invasive species laws, and those who believe, as 
the jury in the Lake Irene case, that the prosecution went too far in causally linking the 
transportation of a piece of equipment with subsequent infestation.  
The year 2012 brought on another round of aquatic invasive species legislation. 
Amid controversy, the requirement to affix an aquatic invasive species decal to all boats 
describing aquatic invasive species laws was dropped. Four hundred thousand such 
decals had been printed by the state at a cost of $65,000. Additionally, the decal, the 
mandate, and the statutory fine for failure to affix the decal to watercraft were discarded 
in favor of a new scheme to take effect in 2015, that would mandate all boat owners take 
an online course on how to prevent invasive species from spreading. Upon completion of 
the course a decal attesting to the same would be affixed to the boat trailer. Furthermore, 
amid controversy that the statutory fine was onerous and overreaching, no fine would be 
assessed for failure to display the new trailer decal (Smith 2012). 
Zebra mussels have attracted a great deal of attention from the news media and 
politicians, not all of it grounded in sound facts or research. In February 2011 a 
commissioner from Kandiyohi county Minnesota claimed “a 30-percent drop in property 
values is already happening on lakes near Alexandria where zebra mussels have been 
found” (Northland Outdoors 2011).  
The goal of this research is to explore the relationship between lakeshore property 
values and zebra mussel infestation. The infestation of Pelican Lake in Northwestern 
Otter Tail County by zebra mussels in September 2009, and the subsequent infestation of 
the Pelican River, a tributary of the Otter Tail, itself a tributary of the Red River of the 
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North, shocked local residents and officials. The Pelican River chain of lakes in Otter 
Tail County represent many of the premier lakes in the region, known for their excellent 
fishing, water quality, scenery, and high property values. The introduction of an exotic 
species to this fragile aquatic ecosystem, already taxed by agricultural run-off and other 
human activities, threatens to alter not only the local ecology permanently, but may also 
threaten the economic vitality of local communities and governments that rely on 
seasonal tourism revenue and lakeshore property taxes to support their operations. It is 
for these reasons that it is important to undertake this research. 
 
  
 	   7 
Chapter II 
STUDY AREA 
 My study area is located in the counties of Becker and Otter Tail in west central 
Minnesota. The major settlements in the area are the towns of Detroit Lakes, Fergus 
Falls, Pelican Rapids and Perham, MN. To the west are the twin cities of Fargo, ND, and 
Moorhead, MN, the economic and cultural hub of the region. Otter Tail County has a 
population of 57,303 according to the 2010 Census. The median household income in the 
county is $45,494. The median value of owner occupied housing units from 2007-2011 is 
$161,400. Becker County has a population of 32,504 according to the 2010 Census. The 
median household income in the county is $47,959. The median value of owner-occupied 
housing units from 2007-2011 is $169,300. The county seats, which are tourist and 
economic hubs in their own right, are Fergus Falls and Detroit Lakes, MN, respectively 
(Census Bureau 2013). 
Figure 1 depicts the Pelican River chain of lakes, the major highways, and the 
surrounding communities. These lakes include Detroit, Sallie, Melissa, Pelican, Big 
Cormorant, Ida, Lida, Franklin, Lizzie, Crystal and Prairie lakes. Major highways include 
U.S. Route 10, U.S. Route 59, and Minnesota State Highway 34. The major communities 
in this map are Detroit Lakes and Pelican Rapids, MN. Figure 2 depicts the Otter Tail 
River chain of lakes. This map includes Otter Tail, Rush, and Little and Big Pine lakes. 
U.S. Route 10 is the principle artery in this district, serving the community of Perham, 
MN. Figure 3, the Battle Lake insert, contains West Battle and Clitherall lakes. 
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Figure 1. Pelican River Chain of Lakes 	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Figure 2. Otter Tail River Chain of Lakes 
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Figure 3. Battle Lake Insert 
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Ecologically the study area fits wholly within the Level III North Central 
Hardwoods section, a transition zone from the eastern forests to the Great Plains 
(Environmental Protection Agency Map of Level IV Ecoregions of Minnesota 2007). 
More specifically, my study area is classified as Level IV 51j: the Alexandria Moraines 
and Detroit Lakes Outwash Plain. This ecoregion is described as an elevated knob and 
kettle landscape with many lakes, and a mix of forest, rowcrops, and pasture 
(Environmental Protection Agency Map of Level IV Ecoregions of Minnesota 2007). 
This landscape was formed by the advance and subsequent retreat of the Wadena and 
later the Des Moines lobe of the last glacial period, the late Wisconsin, some 10,000 
years ago (Mann and McBride 1972). The glacial deposits consist of unconsolidated till 
and sandy outwash plains. Many of the lakes in this area are kettle lakes. Kettle lakes 
formed when large blocks of ice broke off of the glacier as it retreated.  These ice blocks 
were subsequently surrounded by till dropped by the melting glacier. As the climate 
warmed the ice melted leaving a basin for water to collect. Geologically and 
hydrologically speaking the landscape is young and in a state of flux. 
Land values near the Pelican chain of lakes in northeastern Otter Tail County are 
among the highest in the region. According to the Lake Management plan prepared by 
the Pelican Group of Lakes Improvement District in 2007, the combined property value 
for all parcels in the Pelican Lake watershed are estimated to exceed $100 million, but the 
report notes that it is more likely in excess of $200 million. The report cites the demand 
for lake property, as well as the size and quality of Pelican Lake, and its proximity to 
Fargo-Moorhead as likely drivers of demand (Pelican Group of Lakes Improvement 
District Lake Management Plan 2007). The Forum of Fargo-Moorhead, the largest 
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newspaper in North Dakota and western Minnesota, published a series of articles in July 
and August 2011 under the banner of “Million Dollar Lake Homes”. The newspaper 
created a web-based suite of content to complement the physical articles, including an 
interactive map displaying lakeshore properties appraised over $1 million in the Detroit 
Lakes region. A sizable majority of properties valued over $1 million were associated 
with Pelican Lake (Olson 2011). 
The high demand for lakeshore property, and indeed the variation between lakes, 
is depicted in the following graphs. These graphs show the median property price, 
adjusted for 2012 dollars, of 5 top market lakes in the Detroit Lakes area over 4 year 
increments. As the graphs show, lakeshore property value varies considerably between 
lakes. Pay particular attention to the values of Pelican Lake, in pink, which was infested 
by zebra mussels in 2009. These descriptive graphs demonstrate not only the 
extraordinary demand for lakefront property, but also how prices continued to rise on 
Pelican Lake through the both the global finical recession and infestation.
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Figure 4. Four-Year Running Average of Sales Values on Premier Lakes 1997-2000 
	  
Figure 5. Four-Year Running Average of Sales Values on Premier Lakes 2001-2004
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  Figure	  6.	  Four-Year Running Average of Sales Values on Premier Lakes 2005-2008
	  
Figure 7. Four-Year Running Average of Sales Values on Premier Lakes 2009-2012
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CHAPTER III 
LITERATURE REVIEW 
Much has been written about hedonic theory and invasive species. As my study 
turns principally on the economic impact of invasive species, I will forgo reviewing 
literature that strays too far from that nexus, with a view that doing so affords the most 
relevant literature a more comprehensive examination.   
In 1966, Lancaster pioneered hedonic theory. Lancaster theorized that consumers, 
in making purchasing decisions of a complex item, such as an automobile or a home, 
were weighing the amenities provided by the good. An automobile, for example, contains 
many subsystems that are advertised as amenities for consumers. More powerful engines, 
leather interiors and other upgrades may constitute dependent variables in the price of an 
automobile under this model. In the case of residential spaces, variables like square 
footage, number of bedrooms and bathrooms are typically explored. Rosen (1977) used 
Lancaster’s framing to demonstrate that the value of the constituent components of a 
good could be teased out using regression. These two papers form the core of what has 
since been termed hedonic regression. Armed with this novel idea of conceptualizing 
value, researchers from a range of disciplines have incorporated this model to tease out 
relationships in their subfields. Geographers and economists have found hedonic 
regression particularly useful in exploratory research of geospatial patterns.  
A great deal has been written about the economic impact of the invasive Eurasian 
watermilfoil (Myriophyllum spicatum) on lakeshore property values. For example,
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Halstead et al. (2003) tied variable milfoil (Myriophyllum heterophyllum) to lakefront 
property valuation in New Hampshire, finding that lakes infested with milfoil 
experienced greater land depreciation than non-infested water bodies. Horsch and Lewis 
(2008) used hedonic regression to estimate the effects of Eurasian watermilfoil on 
lakefront property values in Wisconsin, finding that an infestation reduced land valuation 
by 13 percent. Meanwhile Zhang and Boyle (2010) investigated the impact Eurasian 
watermilfoil had on lakeshore property valuation in Vermont concluding there that an 
infestation could decrease property values by 1 to 16 percent.  
Others have used water clarity as their metric. For example, Boyle et al. (1999) 
weighed lake water clarity against lakefront property sales in Maine using hedonic 
theory, finding that for each additional meter of water clarity land prices increased from 
$2,337 in lower market to $12,983 in the higher markets. Gibbs et al. (2002) used 
hedonics to link water clarity with lakeshore property values in New Hampshire, finding 
the two variables to be positively correlated. Krysel et al. (2003) built on the work done 
by Boyle et al. (1998) in Maine lakes using hedonic regression to tease out the effect of 
water clarity and lakeshore land values in north central Minnesota, showing a positive 
correlation between clarity and land valuation.  
Epp and Al-Ani (1979) framed water quality in a different sense, hedonically 
correlating pH levels of river water to housing markets in Pennsylvania. Leggett and 
Bockstael (2000) defined water quality in terms of fecal coliform bacteria contamination 
and linked it with residential land valuation in Chesapeake Bay, again using hedonic 
regression. The authors make the point that previous research about lake water quality 
and property valuation has been difficult to tease out because the variables used, such as 
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chemical contaminates, phosphorus, and others, while useful in a scientific study, are 
difficult or outright impossible to perceive by a lakeshore owner. Additionally the authors 
suggest that these variables need not necessarily exist in an antagonistic relationship with 
recreation water users. Leggett and Bockstael (2000) target specifically the Trophic State 
Index pioneered by Carlson (1977) that classifies the biological productivity of 
freshwater lakes on the basis of three variables: water transparency, chlorophyll 
pigments, and total phosphorus, an orthodox metric in lake water quality studies because 
of its convenience and repeatability, as a non-optimal independent variable in studying 
lakeshore property values, as it is difficult for the average person to perceive with their 
normal senses what exactly it measures.  Meanwhile Poor, Pessango and Paul (2007) 
used nutrient loading in the Chesapeake Bay as their metric and weighed nitrogen 
concentration against residential properties values within that watershed, finding that the 
two were strongly correlated.  
Kaiser and Burnett (2006) explored the noise pollution of an invasive species of 
frog and its effect on residential home values in Hawaii by running hedonic regression 
analysis of home sales before and after infestation. Their results showed a positive 
correlation between proximity to the frogs and home value. Turning toward less 
obnoxious neighbors, Tuttle and Heintzelman (2011) used hedonics to find that Common 
Loons (Gavia immer) positively impacted lakeshore property valuation by 8 percent in 
lakes in the Adirondack Mountains. 
Shifting methodological gears, Smeltzer and Heiskary (1999) approached lake 
quality from the perspective of lake users and stakeholders. Their study consisted of 
mailing surveys to lake users and volunteers, querying them about their perceptions of 
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lake health. They found that the perceptions of these people were geographically 
influenced. The study, which looked at lakes in both Vermont and Minnesota, found that 
users in Vermont and the Northeastern portion of Minnesota were more attuned to 
changes in lake water quality, while those from the kettle region of Minnesota were less 
likely to rate the lakes there as impaired. Their findings underscore the importance of 
designing a study area that is geographically compact. 
Turning away from scholarship we see that a great deal has been written about 
zebra mussels especially as they relate to Pelican Lake in the popular media. An Aug. 31, 
2012 article in the Fargo Forum discussed the “weed problem” on Pelican Lake and 
whether or not it was a result of zebra mussels. An invasive species specialist interviewed 
for the story advised against linking the two, as time constraints prevented an aquatic 
plant survey of the lake (Quam 2012). In a Sept. 7, 2012 letter to the editor the author 
retorted that zebra mussels had little to do with “weeds” in Pelican Lake and that property 
owners with their “city lawns” were responsible for the increased vegetation (Syvrud 
2012). In a Sept. 15, 2012 letter to the editor in the Fargo Forum a long time property 
owner on Pelican Lake expressed her concern that aquatic vegetation was encroaching on 
their once sandy swimming beach (Johnson 2012). Additionally, in an Oct. 21, 2012 
article in the Fargo Forum residents of Pelican Lake took sides on the zebra mussel issue. 
While some residents assert that the infestation has not affected the quality of the lake 
others assert that the impacts of zebra mussels are obvious and detrimental (Olson 2012).  
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CHAPTER IV 
METHODOLOGY 
This study involved the compilation of a multitude of different data sets. Property 
sales data for lakes in Otter Tail County were obtained digitally from that county’s 
comprehensive property tax website. Sales data from Becker County, lakes were also 
obtained digitally from the Becker County tax website. On the Otter Tail County website 
I was able to search for parcel sales by lake name or DNR identification number. This 
made the process quite easy. The Becker County website did not feature this. To get 
around this I downloaded the entire list of all property transactions in Becker County. I 
then downloaded the shapefile of Becker County produced by the county GIS 
department. I joined the disparate data sets on the basis of their unique property 
identification number (PIN). Finally, using ArcGIS 10.0 (Environmental Systems 
Research Institute, Redlands, CA) I interactively selected parcels that were tangent to 
lakes Detroit, Sallie, Melissa, Big Cormorant, and Ida. Next I removed all property 
transactions that were not arm’s length. This was to prevent sales below market value—
such as those between family members—skewing the results. For the purposes of this 
study I explored only parcels that were classified by the county zoning department as 
seasonal/recreational dwellings. This means that this study examines seasonal lake cabins 
and not year-round lake homes. Even with these strict criteria the study is statistically 
sound because it produced a list of 1,834 usable sales observations worth tens of millions 
of dollars from 1994 to 2012 on 17 different study lakes.
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To determine which lakes had zebra mussels I consulted the Minnesota 
Department of Natural Resources list “lakes designated as infested waters”. To test the 
significance of zebra mussels I performed two different tests. I chose to perform two 
different mussel models to detect whether or not systemic errors were present in my 
methods. In the first test, which I will call the median model, I performed a binary 
regression of 17 study lakes including infested and uninfested bodies. In this model I 
calculated the median property values of each lake, each year from 1994 to 2012. By 
consulting the list of “lakes designated as infested waters” I assigned a value of 0 or 1 to 
represent uninfested and infested lakes respectively. The mussel variable, as well as lake 
area, depth and trophic state are depicted in Table 1. Zhang and Boyle (2010) in their 
study on the effects of Eurasian watermilfoil on lakeshore property value in Vermont 
coded the infestation variable as a percentage lake surface covered. They were able to do 
this because milfoil forms large mats of floating vegetation, which is easily detectable by 
fieldwork and remote sensing. Zebra mussels on the other hand are very small and are 
located on the bottoms of lakes where they are concealed from man and sensor alike. 
Moreover, the infestation of Lakes Crystal, Lizzie, Pelican, and Prairie in Western 
Minnesota is only beginning to be understood. As of this publication no comprehensive 
biological surveys of zebra mussels has been conducted in these lakes. This study does 
not attempt to quantify the level of infestation, but rather it attempts to explore how the 
market reacts to the knowledge of infestation in large and popular lakes in Western 
Minnesota through the lens of actual sales of properties on those bodies. Halstad et. al in 
their study of Eurasian watermilfoil in New Hampshire chose to code infestation in a 
binary format—milfoil was either present or absent. They emphasized the desirability of 
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having a more robust model for infestation, such as percentage of lake covered and the 
proximity milfoil infestation to properties, regrettably that level of information did not 
exist when they conducted their research in the mid 1990s. Since comprehensive 
infestation data are not available for any of the lakes in my study area I am following the 
guidelines of Halstad et al. by coding zebra mussel infestation as either present or absent.  
Table 1. List of Lakes and Variables 
Lake Area (hectares) Depth (meters) TSI Mussel 
Big Cormorant  1479.96 22.86 44 0 
Big Pine  1912.40 23.16 56 0 
Clitheral  1189.56 21.03 41 0 
Crystal    571.53 16.76 48 1 
Detroit  1241.22 27.13 47 0 
Franklin    440.21 14.63 49 0 
Ida    254.91   6.10 50 0 
Lida  2231.23 17.68 47 0 
Little Pine    841.86 19.20 52 0 
Lizzie  1632.91 20.12 45 1 
Melissa    748.72 11.28 49 0 
Otter Tail  5554.31 36.58 46 0 
Pelican  1603.69 16.76 44 1 
Prairie    472.60   9.45 47 1 
Rush  2080.27 20.73 53 0 
Sallie    515.12 15.24 53 0 
West Battle  2252.21 32.92 41 0 
 
After removing years that had no sales I regressed the variables. In the second 
model, which I will call the real values model I used every property sale between 2005 
and 2012 on only the lakes infested with zebra mussels. These lakes were Pelican, 
Prairie, Crystal and Lizzie. Since Pelican Lake was infested in September 2009 this data 
set represents four years worth of property sales leading up to infestation, and four years 
of property sales since infestation. Sales that occurred prior to infestation were scored 0 
and sales after infestation were scored 1. Sales values were in 2012 dollars.  
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I also tested for environmental factors such as lake size, depth and trophic state. 
These are continuous variables. Lake area data and maximum depth were pulled from the 
Minnesota Department of Natural Resources LakeFinder website. The trophic state index 
(TSI) of each lake was obtained from the Minnesota Pollution Control Agency website.  
The trophic state index is a useful metric for quantifying the overall biological character 
of a lake. Governments use it extensively in the management and monitoring of lake 
resources. The trophic state index was defined by Carlson (1977) as a means of 
classifying the biological productivity of freshwater lakes on the basis of three variables: 
water transparency, chlorophyll pigments, and total phosphorus. The TSI ranges from 0 
to 100, which corresponds to water bodies that are oligotrophic, or virtually sterile, to 
hypereutrophic bodies that are extremely biologically productive. TSI data were available 
as an average score from 2003-2012. Consequently, I regressed this particular variable 
against the average property price for each of the 17 study lakes from 2003-2012. 
In most models employing hedonic regression, housing variables are typically 
included. These variables often consist of lot size, lot frontage, home square footage, 
number of bedrooms and bathrooms, garages, central heating, decks, etc. Variables like 
lot size, frontage and building square footage are coded as continuous values, because of 
their nature, while garages, central heating, and decks are coded in binary. A home either 
has central heating or it does not. I was not able to include these variables in my study 
because neither Otter Tail County nor Becker County had comprehensive records of these 
variables in their online databases. 
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CHAPTER V 
RESULTS AND DISCUSSIONS 
 The findings of this study are mixed, and it is because of this they are interesting. 
Using the median model I tested whether or not zebra mussels were significant.  
 
Table 2. Median Model 
SUMMARY	  OUTPUT	  
	   	   	   	  
	   	   	   	   	   	  Regression	  Statistics	  
	   	   	   	  Multiple	  R	   0.077	  
	   	   	   	  R	  Square	   0.006	  
	   	   	   	  Adjusted	  R	  Square	   0.003	  
	   	   	   	  Standard	  Error	   121676.519	  
	   	   	   	  Observations	   307	  
	   	   	   	  
	   	   	   	   	   	  ANOVA	  
	   	   	   	   	  	  	   df	   SS	   MS	   F	   Significance	  F	  
Regression	   1	   27327067354	   27327067354	   1.845	   0.175	  
Residual	   305	   4.51558E+12	   14805175317	  
	   	  Total	   306	   4.54291E+12	  	  	   	  	   	  	  
  
As Table 2 shows, the correlation between property values and infested lakes is both 
negligible (R Squared 0.006) and statistically insignificant (0.175). Results from the 
second “real values” model are similar. Tables 3, 4, 5, and 6 present the results from 
Pelican, Prairie, Lizzie, and Crystal respectively. In all cases zebra mussels had virtually 
no meaningful relationship to lakeshore property values.
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Table 3. Pelican Lake Mussel Regression 2005-2012 
	  
	  
	   	   	   	  
	   	   	   	   	   	  Regression	  Statistics	  
	   	   	   	  Multiple	  R	   0.037	  
	   	   	   	  R	  Square	   0.001	  
	   	   	   	  Adjusted	  R	  
Square	   -­‐0.008	  
	   	   	   	  Standard	  Error	   318304.764	  
	   	   	   	  Observations	   109	  
	   	   	   	  
	   	   	   	   	   	  ANOVA	  
	   	   	   	   	  	  	   df	   SS	   MS	   F	   Significance	  F	  
Regression	   1	   14956808274	   14956808274	   0.148	   0.701	  
Residual	   107	   1.0841E+13	   1.01318E+11	  
	   	  Total	   108	   1.0856E+13	   	  	   	  	   	  	  
 
 
 
Table 4. Prairie Lake Mussel Regression 2005-2012 
SUMMARY	  OUTPUT	  
	   	   	   	  
	   	   	   	   	   	  Regression	  Statistics	  
	   	   	   	  Multiple	  R	   0.256	  
	   	   	   	  R	  Square	   0.065	  
	   	   	   	  Adjusted	  R	  
Square	   -­‐0.006	  
	   	   	   	  Standard	  Error	   43872.068	  
	   	   	   	  Observations	   15	  
	   	   	   	  
	   	   	   	   	   	  ANOVA	  
	   	   	   	   	  
	  	   df	   SS	   MS	   F	  
Significance	  
F	  
Regression	   1	   1751539654	   1751539654	   0.910	   0.357	  
Residual	   13	   25021858285	   1924758330	  
	   	  Total	   14	   26773397939	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Table 5. Lake Lizzie Mussel Regression 2005-2012 
	  
SUMMARY	  OUTPUT	  
	   	   	   	  
	   	   	   	   	   	  Regression	  Statistics	  
	   	   	   	  Multiple	  R	   0.177	  
	   	   	   	  R	  Square	   0.031	  
	   	   	   	  Adjusted	  R	  Square	   0.008	  
	   	   	   	  Standard	  Error	   98793.052	  
	   	   	   	  Observations	   44	  
	   	   	   	  
	   	   	   	   	   	  ANOVA	  
	   	   	   	   	  	  	   df	   SS	   MS	   F	   Significance	  F	  
Regression	   1	   13288975604	   13288975604	   1.361	   0.250	  
Residual	   42	   4.09923E+11	   9760067045	  
	   	  Total	   43	   4.23212E+11	  	  	   	  	   	  	  
  
 
 
Table 6. Crystal Lake Mussel Regression 2005-2012 
SUMMARY	  OUTPUT	  
	   	   	   	  
	   	   	   	   	   	  Regression	  Statistics	  
	   	   	   	  Multiple	  R	   0.024	  
	   	   	   	  R	  Square	   0.00054	  
	   	   	   	  Adjusted	  R	  Square	   -­‐0.038	  
	   	   	   	  Standard	  Error	   92275.106	  
	   	   	   	  Observations	   28	  
	   	   	   	  
	   	   	   	   	   	  ANOVA	  
	   	   	   	   	  	  	   df	   SS	   MS	   F	   Significance	  F	  
Regression	   1	   118823214.2	   118823214.2	   0.0140	   0.907	  
Residual	   26	   2.21382E+11	   8514695136	  
	   	  Total	   27	   2.21501E+11	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Figure 8. Property Sales on Pelican Lake 2005-2012
 
Figure 9. Property Sales on Prairie Lake 2005-2012 
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Figure 10. Property Sales on Lake Lizzie 2005-2012
 
Figure 11. Property Sales on Crystal Lake 2005-2012 
 
Using 17 study lakes I tested whether or not zebra mussels were significant. I 
could not produce statistically significant results at 0.05 that showed a link between zebra 
mussel infestation and lakeshore property values.  I must conclude that random chance is 
a better explanatory variable for lakeshore property values than zebra mussels.  
y	  =	  -­‐35692x	  +	  266793	  R²	  =	  0.0314	  
$0.00	  $100,000.00	  
$200,000.00	  $300,000.00	  
$400,000.00	  $500,000.00	  
$600,000.00	  
0	   1	  
Zebra	  Mussels	  No,	  Yes	  
y	  =	  4218x	  +	  170740	  R²	  =	  0.00054	  
$0.00	  $50,000.00	  
$100,000.00	  $150,000.00	  
$200,000.00	  $250,000.00	  
$300,000.00	  $350,000.00	  
$400,000.00	  $450,000.00	  
$500,000.00	  
0	   1	  
Zebra	  Mussels	  No,	  Yes	  
 	   28 
Testing for lake depth, I found there was no meaningful correlation between 
property value and lake depth at 0.05 for sales between 2003-2012. Similarly I did not 
find a correlation between lake size and property value at 0.05, again between 2003-2012 
Finally, testing the relationship between the trophic state index and property value I 
found no meaningful relationship at 0.05 Table 7, 8, and 9 depict depth, size, and trophic 
state regressions for the 17 lakes in my study area. 
 
Table 7 Lake Depth and Average Property Value of 17 lakes 2003-2012 
SUMMARY	  OUTPUT	  
	   	   	   	  
	   	   	   	   	   	  Regression	  Statistics	  
	   	   	   	  Multiple	  R	   0.202	  
	   	   	   	  R	  Square	   0.041	  
	   	   	   	  Adjusted	  R	  Square	   -­‐0.023	  
	   	   	   	  Standard	  Error	   882356.008	  
	   	   	   	  Observations	   17	  
	   	   	   	  
	   	   	   	   	   	  ANOVA	  
	   	   	   	   	  	  	   df	   SS	   MS	   F	   Significance	  F	  
Regression	   1	   4353498573	   4353498573	   0.642	   0.435	  
Residual	   15	   1.02E+11	   6782676823	  
	   	  Total	   16	   1.06E+11	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Table 8 Lake Size and Average Property Value of 17 lakes 2003-2012 
SUMMARY	  OUTPUT	  
	   	   	   	  
	   	   	   	   	   	  Regression	  Statistics	  
	   	   	   	  Multiple	  R	   0.180	  
	   	   	   	  R	  Square	   0.032	  
	   	   	   	  Adjusted	  R	  Square	   -­‐0.032	  
	   	   	   	  Standard	  Error	   1264.359	  
	   	   	   	  Observations	   17	  
	   	   	   	  
	   	   	   	   	   	  ANOVA	  
	   	   	   	   	  	  	   df	   SS	   MS	   F	   Significance	  F	  
Regression	   1	   802994.671	   802994.671	   0.502	   0.489	  
Residual	   15	   23979067.7	   1598604.58	  
	   	  Total	   16	   24782063.4	  	  	   	  	   	  	  
 
 
Table 9 Trophic State Index and Average Property Values of 17 lakes 2003-2012	  
SUMMARY	  OUTPUT	  
	   	   	   	  
	   	   	   	   	   	  Regression	  Statistics	  
	   	   	   	  Multiple	  R	   0.207	  
	   	   	   	  R	  Square	   0.042	  
	   	   	   	  Adjusted	  R	  Square	   -­‐0.021	  
	   	   	   	  Standard	  Error	   82285.693	  
	   	   	   	  Observations	   17	  
	   	   	   	  
	   	   	   	   	   	  ANOVA	  
	   	   	   	   	  	  	   df	   SS	   MS	   F	   Significance	  F	  
Regression	   1	   4529629887	   4529620887	   0.669	   0.426	  
Residual	   15	   1.02E+11	   6770935335	  
	   	  Total	   16	   1.06E+11	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Figure 12. Plot of Lakes Property Values and Trophic Scores 
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lakeshore property values. My results strongly suggest that buyers and sellers in the 
lakeshore housing market are not being swayed by the presence or absence of zebra 
mussels in their purchasing decisions.   
Future research will be necessary to track trends. It may very well be the case that 
the effects of zebra mussels on lakeshore property values have yet to materialize. 
Revisiting this subject in the future may overturn the findings of this very preliminary 
study. Furthermore, future research could employ more housing variables than this study, 
if and when that data becomes more complete and accessible. 
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CHAPTER VI 
CONCLUSIONS 
Aquatic invasive species are a major problem in Minnesota. Aquatic invasive 
species threaten lake ecosystems, can limit lake recreation, and can reduce lakeshore 
property values. They are expensive to manage and are virtually impossible to eradicate. 
This study explored the impact of zebra mussels, an invasive freshwater mollusk, on 
lakeshore property values on the Pelican River chain of lakes in Otter Tail and Becker 
counties in Western Minnesota. Based on previous literature exploring the impact of 
other aquatic invasive species like Eurasian watermilfoil on lakeshore property values, it 
was expected that zebra mussels would have a similar depreciating effect. The results of 
this study have contradicted this hypothesis however. The findings of this study have 
shown that property values on lakes that were later infested with zebra mussels did not 
experience a reduction in lakeshore property values. These results rebuke sensational and 
unfounded claims of lakeshore property values collapsing in the wake of zebra mussel 
infestation. It must be emphasized however that this is a very preliminary study. While 
there have been reports in the popular media of increasing water clarity and aquatic plant 
growth on Pelican Lake since it was infested in 2009, they remain anecdotal (Olson 
2012). Furthermore, as of this writing there have been no comprehensive ecological 
surveys conducted on Pelican Lake since zebra mussels infested it.  The long-term effects 
of infestation on water clarity, aquatic plant proliferation, and the lake’s fishery remain 
unknown.  
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